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“Suppose that a vast housing boom leads to full employment
and rising wages in part, but only part, of a currency area, then
goes bust. The legacy of those boomtime wage increases will be
an uncompetitive tradable sector, and hence the need to get at
least relative wages down again.”(Krugman 2012)

1 Introduction

According to standard theory, adjustment in relative prices and wages in
response to asymmetric (supply and demand) shocks is a key adjustment
mechanism in a currency area. Without the option to rely on the nominal
exchange rate, “internal devaluation” can nonetheless ensure full employ-
ment and macroeconomic stability across states, regions and sub regional
areas. Not surprisingly, the topic has become a core issue in the policy de-
bate in the euro area, whereas insuffi cient relative price (i.e. real exchange
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rate) adjustment has been singled out as a primary cause for persistent un-
deremployment and instability in some countries. But internal devaluation is
not just of interest for academic and policy studies of monetary unions. From
a theoretical perspective, the mechanism rests on the tenet that there exists
a stable link between wage and price inflation and measures of slack in labor
and product markets. In other words, there are wage and price Phillips curves
operating not only at aggregate, union-wide, level, but also at disaggregated,
state and regional, level. In this sense, understanding internal devaluation
can provide valuable insight on a defining issue in macroeconomics.
Indeed, several recent contributions have argued that regional business

cycles can shed new light on the amplification forces of aggregate business
cycles (see, e.g., Nakamura Steinsson (2014) on fiscal policy, Beraja, Hurst
and Ospina (2016) on Phillips curves, going back to the seminal paper by
Blanchard and Katz (1992)). Historical episodes of boom and bust are nat-
ural candidates for empirical work on the issue. Mian, Rao and Sufi (2013),
Mian and Sufi (2014), Kaplan, Mitman and Violante (2016), among oth-
ers, have shown that the housing price boom and bust in part of the US
in the period 2006-2011 has been associated with asymmetric demand and
employment and booms and busts. A number of contributions have provided
evidence on wages and prices in the wake of large and asymmetric housing
shocks, documenting adjustment in overall regional nominal wages (Mian
and Sufi (2014)), or tracing the response of retail prices (see, e.g., Kaplan et
al. (2016) and Stroebl and Vavra (2014)).
In this paper we contribute to this literature by carrying out a systematic

reconsideration of the evidence on price, wage and employment adjustment
across US jurisdictions in response to the housing price cycle during the Great
Recession. Relative to previous contributions, we offer a richer, insightful de-
composition of real exchange rate adjustment by sectoral relative prices, and
relate sectoral relative price adjustment to its determinants in terms of rel-
ative sectoral wages (cost) and employment (slack) dynamics. To do so, we
exploit a new dataset of regional consumer price levels, the BEA Regional
Price Parity data. Importantly, combining this dataset with regional data
on sectoral wages and employment allows us to obtain a refined and rich
decomposition of internal devaluation adjustment by sectors of interest. To
disentangle the effects of housing price shock on the variables of interest, we
borrow from the literature and focus on a high detail of geographical disaggre-
gation, namely US Metropolitan Statistical Areas (henceforth MSAs). These
areas can be thought of as very small open economies, fully integrated in the
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aggregate system comprising the national US goods and financial markets.
Given that trading frictions in these markets are relatively contained, MSAs
provide an ideal laboratory to look at the adjustment mechanism through
relative wages and prices.
Our main findings are as follows. Over the period 2008-2013, asymmetric

housing price shocks were virtually uncorrelated with relative consumption
prices across MSAs. Overall, real exchange rates (by definition, the relative
price of consumption) across MSAs depreciated by very little in response to
asymmetric (and large) negative shocks to housing prices. Decomposing the
real exchange rate into its components, we show that the depreciation in the
aggregate real exchange rate was mostly driven by the relative market price of
rents.1 These fell sharply in response to negative housing price shocks. Con-
versely, the response in the relative prices of goods and services was much
contained and, strikingly, the adjustment went in opposite directions. The
relative price of consumption goods fell with housing prices, while the rela-
tive price of services increased, with roughly identical elasticities– basically
offsetting the effect of each other movements on the real exchange rate.
In our second set of findings, we document the lack of adjustment in

nominal wages in all sectors, including distribution and construction, with
the possible exception of a mild (marginally significant) negative response in
manufacturing wages, going in the opposite direction of both housing prices
and consumption goods prices. This finding is at odds with the evidence of
large responses in employment, all in the direction of a contraction following
a fall in housing prices, across all sectors– again with the exception of em-
ployment in manufacturing, similarly in Mian and Sufi (2014), whereas the
response is not statistically significant. In principle our evidence on wages can
be reconciled with textbook macroeconomic models assuming a very flat wage
Phillips curve and/or recent models with downward nominal wage rigidities
(see Schmidt-Grohe and Uribe (2015)). But it is harder to reconcile with our
first set of findings, including the counterintuitive response of the relative
price of services, that increased in response to a fall in housing prices. In
light of standard price Phillips curve models, similarly to Stroebl and Vavra
(2014), our findings point to a potentially important role for adjustment in
firms’markup.

1In our data set, prices of rents are only based on actual market prices and there are no
owner imputed rent prices. Therefore, the response of rents represent the actual market
response to housing prices.
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We proceed in two steps. First, we replicate with publicly available data
the findings by Mian and Sufi (2014) on the effects of housing prices on
population, sectoral employment and wages across MSAs– this is similar to
what Kaplan et al. (2016) do with respect to the findings by Mian, Rao and
Sufi(2013) on local consumption. We confirm that in those MSAs where the
housing price bust in 2008-2013 was more pronounced, employment also fell
relatively more not only in the construction sector, but also in the "nontrad-
able" sector (as defined by Mian and Sufi(2014)). Conversely, employment in
the "tradable" (manufacturing) sector was not affected differentially. We also
confirm that overall population as well as nominal wages in "tradables" and
"nontradables" (and even in construction) were uncorrelated with asymmet-
ric housing price shocks – Mian and Sufi (2014) do not distinguish nominal
wage dynamics across sectors.
Second, we document the responses of (i) consumer prices, and (ii) nomi-

nal and real (consumption) wages and (iii) employment, distinguishing across
the goods and services sectors (detailing specifically distribution). As con-
sumer prices and their sub-components for goods, services and market rents
are provided in the RPP dataset, we aggregate employment and wages across
industries to match as close as possible their price counterparts. It is worth
emphasizing that our aggregation is quite different (and more general and
inclusive than) Mian and Sufi (2014).
Finally, we provide novel evidence that both per-capita real GDP and

personal income were positively correlated with asymmetric housing price
shocks.
This paper is organized as follows. In section 2 we will draw on open

economy macro to derive a theoretical framework linking internal devaluation
to Phillips Curves theory. In section 3, we present our empirical model and
describe our data in details. In section 4 we present and discuss our main
result. Section 5 concludes deriving policy implications.

2 The theoretical mechanism: internal deval-
uation and relative Phillips Curves

To shed light on internal devaluation, in this section we discuss the theoretical
underpinning of the real exchange rate across states and regions sharing the
same currency. Our starting point is the definition of the real exchange rate
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across two locations l as the relative price of consumption in the two locations.
Since the consumption bundle includes both tradables and nontradables, or,
from a different perspective, goods and services, we can naturally perform
decompositions of the real exchange rate along one of these lines. To wit,
the following is a decomposition of the (log) real exchange rate (ex-rents) for
location l as a function of the relative price of goods (plG,t−pG,t) and services
(plS,t − pS,t).

qlt = (1− αS)
(
plG,t − pG,t

)
+ αS

(
plS,t − pS,t

)
, (1)

where αS is the share of services, for simplicity assumed to be the same for
all l. The price of goods at consumer level can be further decomposed as
a combination of the price of (tradable) manufacturing plT,t, and the price
of (nontradable) distribution services, plNT,t, required to bring the goods to
consumers (see Corsetti and Dedola (2005)), namely:2

plG,t = (1− δ) plT,t + δplNT,t, (2)

where δ is the distribution share. For future reference, define the relative price
of goods, tradable manufacturing, services and distribution as, respectively,
T̂ lG,t =

(
plG,t − pG,t

)
,, T̂ lT,t =

(
plT,t − pT,t

)
, T̂ lS,t =

(
plS,t − pS,t

)
and T̂ lN,t =(

plNT,t − pNT,t
)
.

In order to link these relative prices to their determinants, we rely on
standard NK Phillips Curves. We start by writing inflation in sector j =
T,N, S in location l, πlj,t = plj,t−plj,t−1 as a function of expected inflation and
current real marginal costs (in terms of the aggregate price level pt) m̂c

l
j,t :

πlj,t = βEtπ
l
j,t+1 + κlj

[
m̂clj,t −

(
plj,t − pt

)
+ µ̂lj,t

]
, (3)

where µ̂lj,t is an unobservable component in markup or marginal cost.
For each sector j, we then express local inflation as the differential from

the Phillips Curve for aggregate inflation in the same sector πj,t

πlj,t − πj,t = βEt
(
πlj,t+1 − πj,t+1

)
+ κlj

[
m̂clj,t − T̂ lj,t − m̂cj,t + µ̂lj,t − µ̂j,t

]
+(

κlj − κj
) [
m̂cj,t + µ̂j,t

]
. (4)

2Mian-Sufi (2014) dubbed the manufacturing and distribution sectors "tradables" and
"nontradables".
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This expression establishes that, for each sector j, inflation differentials across
location are given by the discounted sum of (i) the expected differential in the

real marginal cost in terms of the aggregate price level
(
m̂clj,t+s − T̂ lj,t+s − m̂cj,t+s

)
,

(ii) the expected differential in the markups
(
µ̂lj,t+s − µ̂j,t+s

)
, and (iii) the

differential in the slope of the Phillips curve
(
κlj − κj

) (
m̂cj,t+s + µ̂j,t+s

)
:

πlj,t − πj,t = κlj

∞∑
s=0

βsEt

[(
m̂clj,t+s − T̂ lj,t+s − m̂cj,t+s

)
+
(
µ̂lj,t+s − µ̂j,t+s

)]
+

(
κlj − κj

) ∞∑
s=0

βsEt
[
m̂cj,t+s + µ̂j,t+s

]
. (5)

It is reasonable to expect that, conditional on a fall in housing prices, a
positive inflation differential (causing real appreciation) would mainly result
from conditionally higher relative marginal costs or markups– since it is un-
likely that the PC slope differential be correlated with housing prices across
jurisdictions.
It is instructive to solve directly for the relative price T̂ lj,t :

T̂ lj,t−T̂ lj,t−1 = βEt

(
T̂ lj,t+1 − T̂ lj,t

)
+κlj

[
m̂clj,t − T̂ lj,t − m̂cj,t + µ̂lj,t − µ̂t

]
+
(
κlj − κj

)
[m̂ct + µ̂t] ;

this is an expectational second order difference equation in the price level:

βEt

(
T̂ lj,t+1 − T̂ lj,t

)
−
(
T̂ lj,t − T̂ lj,t−1

)
− κljT̂ lj,t =

−κlj
[
M̂C

l

j,t − M̂Cj,t + µ̂lj,t − µ̂t
]
−
(
κlj − κj

)
[m̂ct + µ̂t] ,

where now M̂C
l

j,t− M̂Cj,t is the marginal cost differential in nominal terms.
The above equation has the following general solution:

T̂ lj,t = ν1T̂ lj,t−1 + κlj

∞∑
s=0

ν−s−12 Et

[(
M̂C

l

j,t+s − M̂Cj,t+s

)
+
(
µ̂lj,t+s − µ̂j,t+s

)]
+(6)

(
κlj − κj

) ∞∑
s=0

ν−s−12 Et
[
m̂cj,t+s + µ̂j,t+s

]
where 0 < ν1 < 1 < β−1 < ν2 solve the standard characteristic equation:

βν2 −
[
1 + β + κlj

]
ν + 1 = 0,
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namely

νi =
1 + β + κlj ±

√
[1 + β + κj]

2 − 4β
2β

.

The equation for T̂ lj,t is at the heart of the "internal devaluation" adjust-
ment mechanism. Asymmetric shocks affecting relative nominal marginal
costs will be absorbed through movements in relative prices, with a speed
dictated by the slope of the local and sector specific Phillips curve κlj. As
already mentioned, to the extent that the PC slope differential is uncorre-
lated with housing prices, an appreciation in the relative price T̂ lj,t conditional
on an asymmetric boom in housing prices results from conditionally higher
relative nominal marginal costs and/or markups.
Assuming that nominal wages are a good proxy for nominal marginal

costs, the testable implication is that appreciation in the relative price T̂ lj,t =(
plj,t − pj,t

)
can result from an expected increase in relative nominal wages.

Indeed, the bulk of the literature on the NKPC assumes that nominal mar-
ginal costs are equal to nominal wages (wlj,t) adjusted by the nominal mar-
ginal product of labor (MPLlj,t):

M̂C
l

j,t = wlj,t −MPLlj,t.

In turn, the latter is assumed to be a function of measures of the “employ-
ment gap,”namely, deviations of employment from its flexible-price (poten-
tial) level; the exact relation can also account for the presence of nominal
wage rigidities (see e.g., Galí textbook and Beraja et al. 2016 for a regional
application).
It it worth stressing that, in going from theory to our empirical appli-

cation, we will focus on measures of real exchange rates excluding rents.
We exclude market rents because, being directly related to housing market
prices, it is unlikely that their dynamics and determinants obey a Phillips
Curve relationship of the kind we use for goods and services. This will be a
key maintained assumption throughout our study.

3 Empirical approach

In our empirical investigation, we estimate the elasticity of relative price
parities, local wages and employment to shocks to local house prices. Our
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empirical model follows closely Mian, Rao and Sufi (2013) and Mian and
Sufi (2014). All regressions are run at the MSAs level of geographical dis-
aggregation. We run an ordinary least squares (OLS) specification and an
instrumental variable (IV) one. Our baseline strategy consists of regressing
the log-level of the dependent variable on the log-level of local house prices,
controlling for other MSA observables.
Our OLS regression specification can be formally expressed as:

yl,t = αl + γt + β · hpl,t + θXl,t + εl,t, (7)

where yl,t is the log of the dependent variable in the MSA l in year t, αl
and γt are MSAs and years fixed effects respectively, hpl,t is the MSA log
of house prices, Xl,t is a matrix of demographic controls, and εl,t is an error
term. In our main analysis, the dependent variables are the log of MSA
consumer price levels plj,t, in each sector j = G,S,NT ; the log of nominal (and
real consumption) wages wlj,t, again for each sector j = T, S,NT, and the
log of sectoral employment. We also look at additional variables, including
population, real GDP and personal income at MSA level, and we use our
data to reproduce the estimates for the same sectoral aggregations in Mian
and Sufi (2004). Because we include the time fixed effects γt, the coeffi cient
of interest β yields the elasticity of yl,t to hpl,t in deviations from their cross-
sectional means. By way of example, when the dependent variable is plj,t,

β can be effectively interpreted as the elasticity of the relative price T̂ lj,t =(
plj,t − pj,t

)
to hpl,t − hpt.

In order to address possible endogeneity issues in using hpl,t, we rely
on an instrumental variable model closely following Mian and Sufi (2014).
Namely, we instrument hpl,t using the estimates of housing supply elasticities
from Saiz (2010) interacted with a time-varying variable. The Saiz (2010)
instrument is provided at the MSA level, and is not available for all of the
MSAs. Therefore, we report OLS estimates only for the MSAs covered by
Saiz (2010) data. Our OLS results are insensitive to this choice. Regional
consumer price levels are from the Regional Price Parity dataset; employment
and wage data are from the Census County Business Patterns dataset.
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4 Evidence on (the lack of) internal devalu-
ation

Our (preliminary) empirical results are shown by Tables 1 through 21. To
summarize our main results, we focus on Tables 5, 11 and 15. As shown
in the Table 15, we find that the consumption goods relative price T̂ lG,t =(
plG,t − pG,t

)
is positively correlated with asymmetric shocks to housing prices,

while the relative price of services T̂ lS,t =
(
plS,t − pS,t

)
is negatively correlated

with these shocks (Table 15), with similar elasticities, equal to .07 and -
0.08, respectively (both statistically significant). Hence, the relative prices
of goods and services (ex-rent) appear to respond in different directions, with
similar intensity, possibly offsetting each other’s effect on the real exchange
rate.
The relative price of market rents is instead strongly and positively corre-

lated with housing price shocks, with an elasticity equal to 0.13. It is because
of this strong response of market rents that the overall relative prices of con-
sumption (the MSA consumption real exchange rate) displays a small positive
correlation with housing price shocks.
The estimates in Table 15 are not easy to reconcile with the lack of dy-

namics of nominal wages, reported in Table 5 and 11 for different levels of
disaggregation. It is important to note that while we only observe the overall
consumer price of goods plG,t = (1− δ) plT,t + δplNT,t, and not its individual
components plT,t, p

l
NT,t, our data on nominal wages disaggregated across trad-

ables (manufacturing) and nontradables distribution sector do provide some
information on the (cost) determinants of both plT,t and p

l
T,t.

Here are our key findings. Wages are correlated with asymmetric hous-
ing price shocks only in the tradable sector, but with the (wrong) negative
sign (a fall in housing prices tends to raise relative wages). In our preferred
estimates in Table 11 for ‘goods’, based on aggregations of two digit sectors,
the elasticity is marginally significant and equal to -0.18. In the distribution
and services sectors, instead, relative nominal wages are uncorrelated with
housing shocks: points estimates are small (at times negative) and insignifi-
cant. It is worth emphasizing that the correlation is insignificant (though the
point estimate is positive) even for relative nominal wages in the construction
sector.
The lack of response of nominal wages is striking vis-á-vis the response

of sectoral employment, as already pointed out by Mian and Sufi (2014).
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The empirical evidence confirming these authors’results on employment and
wages in our data is shown in Tables 2 and 4. In our contribution, however,
we can refine the evidence using different level of disaggregation – these
authors do not distinguish wage dynamics across sectors
As shown in Tables 3 and 9, we find that relative employment is posi-

tively and significantly correlated with housing prices shocks in all sectors
but manufacturing– including services, distribution and construction sectors.
The point estimate for the manufacturing sector is positive but insignificant
in our IV model, similarly to the finding in Mian and Sufi (2014).

5 Concluding remarks

The evidence for a mature currency area, such as the US, suggests that,
with the exception of rents, there has been virtually no internal relative price
adjustment during the crisis. While this lack of adjustment may have affected
the length of the recession, it has prevented neither recovery at national level,
nor rebalancing across states and regional convergence along the recovery.
The evidence on the lack of adjustment at geographically disaggregated

level in the US raises important issues in this European debate. Insuffi cient
real exchange rate adjustment has been singled out as a major factor ham-
pering recovery in Europe and keeping the countries in the periphery, worst
hit by the crisis, in a persistent state of underemployment. Estimates of
the real exchange rate depreciation required to restore full employment vary
widely, often as high as 30 percent.
A key question is whether, similarly to the US, relative price adjust-

ment may not be a key margin for full employment across the euro area– a
conclusion which would not be warranted given the evidence of an ongoing
correction (whether or not deemed suffi cient) in Europe. A conjecture con-
sistent with the evidence is that the need for relative price adjustment could
be stronger in monetary unions, like the euro area, which lack suffi ciently
developed institutions and adjustment mechanisms– e.g., a common fiscal
and monetary policy targeting an appropriate macroeconomic stance at ag-
gregate level, so to contain the persistence of recessions; fiscal transfers and
market-based instruments enhancing risk sharing; a financial policy effective
in containing the effects of systemic financial crisis and prevent disruptive
economic and financial fragmentation.
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